There are conflicting reports concerning the effects of aging on mechanical properties of the human respiratory system (1-4). The present study was undertaken to collect additional information pertaining to the relationships between normal aging and lung mechanics. Besides the mechanics measurements, data are reported for lung volumes, intrapulmonary gas mixing, and ventilatory capacity.
There are conflicting reports concerning the effects of aging on mechanical properties of the human respiratory system (1) (2) (3) (4) . The present study was undertaken to collect additional information pertaining to the relationships between normal aging and lung mechanics. Besides the mechanics measurements, data are reported for lung volumes, intrapulmonary gas mixing, and ventilatory capacity.
METHODS
Nineteen subjects over 60 years old were selected who a) were free from complaints referable to cardiac, pulmonary, or neuromuscular systems; b) had normal physical examinations; and c) demonstrated normal chest roentgenograms and electrocardiograms. These men constitute group I subjects. Similar criteria were applied in selection of 13 men under 40 who comprised group II. Eight older men and six of the younger were cigarette smokers. Physical characteristics of the two groups are shown in Table I .
Spirograms were recorded with a 13.5 L Collins 1 spirometer from which all valves had been removed. A closed-circuit, constant-volume, helium (He) -dilution method was used to measure the functional residual capacity (FRC) in seated subjects. Lung compartments and their ratios were calculated. Intrapulmonary distribution of inspired gas was evaluated by the N2 singlebreath test (5) .
The dynamic lung compliance (Cdyn) was determined by the methods of Mead and Whittenberger (6).
Mouth-esophageal pressure gradients were detected by a differential pressure transducer.2 The signal was amplified and displayed on the horizontal axis of a cathoderay oscilloscope a (CRO). Flow rates were measured with a pneumotachograph,4 and tidal volume was obtained by electronic integration of the flow signal. Flow, or volume, or both, were exhibited on the vertical axis of the CRO. From simultaneous displays of mouthesophageal pressure and volume signals, pressure-volume loops were recorded. An electronic subtractor circuit was employed to obtain Cdy. (7) . Each compliance value recorded represented the mean of at least 10 determinations. Cdyn was measured under three separate sets of conditions: (a) normal quiet breathing, (b) at tidal volumes equivalent to normal breathing but with increased respiratory frequency, and (c) at tidal volumes about twice normal and relatively slow frequency. The static transpulmonary pressure gradient achieved during sustained full lung inflation, referred to as maximal inspiratory pressure (MIP), was also recorded for each subject. The volume of thoracic gas (VTG) and airway resistance (R) was determined with a body plethysmograph (8), employing techniques described by Comroe, Botelho, and DuBois (9) . Resistance was measured at airflow velocities of 1 L per second for several levels of lung inflation. Airway conductance (I/R = C) was computed according to Briscoe and DuBois (10) . Total lung resistance was not measured.
RESULTS
Lung compartments, ventilatory function, intrapulmonary gas mixing (Table II) . Vital capacity (VC) and inspiratory capacity (IC) were significantly larger in the younger men (p < .01), whereas FRC, residual volume (RV), and residual volume/total lung capacity ratios (RV/TC x 100) were significantly greater (p < .001) in the old men. Differences between mean total lung volumes in the two groups were not statistically significant. Ventilatory capacity (MBC) and maximal midexpiratory flow rate (MMF) (13) were decreased in older subjects. The distribution of inspired gas, evaluated by the single-breath nitrogen test, was less uniform in older men than in younger ones.
FRC, determined by the He method in a seated subject, corresponds to VTG measured with the plethysmograph at the end of quiet exhalation. FRC and VTG determinations were in close agreement in each group. The maximal discrepancy between volumes measured by these two different techniques in a given subject was less than 350 ml. For this report, He determinations were used to compute lung compartments and TC. FRC and RV measurements are larger than those usually recorded (14-17) because subjects were seated rather than supine during the determinations.
Respiratory mechanics (Tables III, IV was examined, Cdyn(b). Tidal volumes were voluntarily maintained at or near those employed for spontaneous breathing, and frequency was doubled. During these tests, mean frequencies in both groups were the same, but the mean tidal volumes in group I were 14.5 % smaller than in group II. Differences of mean Cdyn(b) between groups were not significant.
Finally, the influence of large tidal volumes and normal or slow frequencies in CdY0 was analyzed, Cdyn(c). Transpulmonary pressure gradients at full lung inflation (MIP) were larger (i.e., more negative) in the young men, and differences between groups were highly significant. The validity of an MIP value depends upon the subject understanding the test and co-operating to the best of his ability. Each value reported was reproducible on several occasions. Pressures were recorded and measurements taken after pressure tracings had been stable for 4 seconds. (20) . Rapid respiratory frequency did not produce a significant change of CdY0 in our younger men, nor has Cd,11 been reported by others to vary with respiratory frequency in young normal subjects (20, 21) . Conversely, in lungs with high compliance, slow, deep respiration permits the tidal volume to be distriutited to a larger volume, and C,,.,, rises. This is suggestive of and compatil)le with "recruitment of units" (21, 22) . A similar but smaller chanige was present ill the young men. This phenolnenon has been reported ill normal individuals (23 ) andl subjects with chronic diffuse obstructive airway diseases (24, 25) . It is concluded that all observed differences of Cd~n measurements between the two groups in Additional evidence for increased lung compliance in the older men is afforded by the static transpulmonary pressures measured at full inflation. Since total lung volumes were not significantly different between the two groups, comparable transpulmonary pressures should be generated by lungs with similar elastic recoil. The observed differences indicate that less elastic tension occurred in the older subjects, so their lungs were more compliant. It may be argued that this measurement could be influenced by thoracic bellows strength. Subjects with muscular dystrophy and chest wall weakness, however, produced normal values for this test (27) . Overt thoracic bellows weakness was not present in our elderly men. Milic-Emili, Glauser, and Mead (28) analyzed artifacts in the determination of transpulmonary pressure at full lung inflation by the technique employed here. Our data are considered satisfactory for comparison because identical balloons and procedures were used in all subjects. The effects of intrathoracic gas volume on balloon volumes and esophageal elastance are considered equivalent because mean total lung volumes were not different for the two groups. One factor that may have affected the measurement, changes of esophageal compliance with age, was not evaluated.
The larger FRC volumes in the older men constitute further evidence for increased lung compliance in that group. Similar pulmonary retractile forces affect both FRC and MIP values, and it is interesting to note a significant negative correlation between these measurements (Table   IV) . No consistent change of Cd,n with age was reported. However, 72% of their subjects were female. All subjects in the present study were males. The possible influence of sex on aging processes may be the basis for dissimilarities between our data and those of Frank and associates (1). Greifenstein, King, Latch, and Comroe (29) found intrapulmonary mixing to be much more uneven in normal elderly males than elderly females. Needham, Rogan, and McDonald (1) make this comment: "It is interesting to note how much more kindly the years treat the women in respect to both VC and MBC." Differing patterns of pulmonary disease observed between males and females may be related to the manner in which normal aging affects the elastic properties of the lung for each sex.
SUMMARY
Mechanical properties of lungs in normal men over 60 years old were compared to normal men under 40. Dynamic lung compliance was significantly greater in the older subjects. Transpulmonary pressures at full lung inflation were greater in the younger group. Airway resistance was higher and conductance/volume ratios were lower in the older men. Changes of pulmonary physiological parameters with age in men may be secondary to increased pulmonary compliance in the elderly. 
